A quasi steady heat and mass transfer model of a Tubular Solar Still taking account of humid air properties inside the still is presented in this study. Time variations of saline water, humid air, cover and trough temperatures and production and condensation fluxes are derived under a steady meteorological condition. In order to validate the proposed model, an indoor production experiment on a Tubular Solar
INTRODUCTION
The human and economical activities, particularly in arid and remote areas, may depend on desalination performance to meet fresh water demand produced from brackish or saline water. Solar distillation is the simplest desalination technique, compared with other types, e.g., multiple-effect distillation, multi-stage flash, reverse osmosis, electro-dialysis and biological treatment. Solar distillation may be also one of viable options for providing drinking water for a single house or a small community in arid regions. A basin-type solar still is the most popular method of solar distillation but unfortunately has not been fully advanced yet. The major reasons for this fact may be attributed to low productivity of distillate and the difficulty of rapid and easy removal of salt accumulated in the basin. To enhance distilled water productivity, a new type of solar distillation, i.e., Tubular Solar Still (TSS) was designed by the authors and has been tested (since 2001) as well as the basin type still in the United Arab Emirates (UAE).
Conventionally, most of the heat and mass transfer models of the solar still have been described using temperature and vapor pressure of saline water surface and glass cover, neglecting the presence of intermediate medium, i.e., humid air (Dunkle1, Kumar et.a1.2), Tiwari et. al. (3)). Nagai et. al4), however, found that the relative humidity of the humid air is by no means saturated in the daytime and proposed a heat transfer model on a basin type solar still. The production mechanism and heat and mass transfer parameters of a solar still can be judged more preciously under the steady meteorological condition and the results can apply to more accurate unsteady production model. This paper aims to formulate the heat and mass transfer phenomenon in a TSS taking account of the humid air properties under a steady meteorological condition and to derive analytical expressions of saline water temperature, humid air temperature, tubular cover temperature, trough temperature and evaporation and condensation fluxes. small amount of the solar energy is absorbed by the tubular cover and trough. Thus, the water in the trough is heated and then begins to evaporate. There happen many types of heat transfer inside the tubular cover and outside, e.g., convective and evaporative heat transfer from the saline water to the humid air, convective and condensative heat transfer from the humid air to the tubular cover, radiative heat transfer between the water surface and the tubular cover, convective and radiative heat transfer from the tubular cover to the atmosphere. Convective heat transfer also occurs between the trough and the water and between the trough and the humid air. The evaporated water vapor is transferred to the humid air and then finally condensed on the tubular cover inner surface, releasing its latent heat of vaporization.
The condensed water trickles down the bottom of the tubular cover inner surface due to gravity and is stored in a collection vessel through a pipe provided at the lower end.
(1) Mass and Energy balance equations
The proposed mass and energy balance equations are made up under the following assumptions:
Water temperature is uniform in the trough.
ii) Water vapor near the water surface is saturated.
iii) There is no leakage of the water vapor in the TSS.
iv) The absorption coefficient of the humid air is neglected, i.e., ƒ¿ha=0.
The mass balance equation for water in the trough can be written as:
(1) (2) Steady state model and analytical solutions Assuming that the energy balances of the trough, humid air, and tubular cover are in a quasi steady state, then the left hand term of Equations (2) to (4) will be neglected. The solutions of Equations (2) to (4) are eventually written in terms of water and air temperature as follows:
where, Substituting the expressions for Tha ,Tt and T, i.e., Equations (6) to (8) into Equation (2), it can be rewritten as: The production flux per unit area per unit time may be calculated as:
The condensation flux per unit area per unit time may be given by:
INDOOR EXPERIMENTS
In order to examine the quasi steady state model for water distillation presented in Chapter 2, indoor simulating experiments were carried out in a thermostatic room to keep a constant temperature and a constant relative humidity at the University of Fukui. The schematic diagram of the experiment is shown in Fig. 3 . The TSS is comprised of a tubular cover and a semicircular trough. The tubular cover is made of a curled transparent vinyl chloride sheet of 0.5mm in thickness and a transparent polyvinyl chloride bottle at both ends. The tubular cover is 0.52m in length and has an outside diameter of 0.13m. The black trough for storing water in the TSS is made of vinyl chloride with 1.0mm in thickness, 0.1m in outside diameter and0.49m in length. A solar simulator is comprised with 12 Table 1 Estimated values of heat and mass transfer coefficients Fig. 4 Time variations of observed vapor densities incandescent spotlights (125W) arranged in six rows of two lights each, and is used as the energy source to produce the distilled water. All lights were set at a height of 0.3m above the tubular cover top. In this experiment temperatures, relative humidities, and radiation flux were measured by eight thermo-couples, two thermo-hygrometers and a pyranometer, respectively_ The data were automatically recorded to a data logger at five minute intervals. The evaporation flux across the water surface in the trough and the production flux from the TSS were measured separately and simultaneously using two electric balances with a minimum reading of 0.01g. A special experimental technique to measure the evaporation flux was developed using a support of the trough on the balance, which was set independently from the other compositions of the TSS. A lid, attached at the end of the tubular cover, is screwed open and the trough can be promptly taken out and easily inserted back into the TSS again after flushing the accumulated salt. Tha, Tc and Tw were analytically calculated using Equations (6), (8) and (11), respectively. These calculated temperatures were compared with the experimental temperatures. The analytical solutions were calculated using the following design parameters: Energy balance of a trough plate exposed in air with a constant temperature and relative humidity is
